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Abstract

Molecular fatigue may emerge in anisotropic systems like bones and more complex systems in the human body such as cartilage, muscle 
much the same with isotropic bodies. Because biological system is a system which is exposed to constantly moving and repeating forces 

brings about negative consequences in the live system with the emergence molecular fatigue damage accumulation in structures such as 
bones, muscles, cardiac muscles, receptors, ion channels. 
Keywords: Long-lasting electromagnetic forces; Biological interaction; Molecular fatigue

molecular fatigue and the damage accumulation which occurs as a result of it.

shear stress, the reason behind this is molecular fatigue. 

   
2 - Polarization Forces.  
3 - Coulombic Forces.  

 
5 - Surface loads induced on cell matrix and substrant.  
6 - Cyclotron resonance and ion parametric resonance. 
7 - Lednev model.  
8 - Biologic electron transfer.  

In further in vitro experiments, Zhao, et al
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include the action potentials of nerves and heart tissue, skeletal muscle vibrations and frequencies elicited by rhythmic activities 

A current survey of the literature reveals many recent advances in our understanding of EMF, especially DC EF. Today we are 
2+, H+ and related ion 

molecular and cell biology. A number of insightful studies by groups including those of McCaig and Adams directly couple EMF 
to cell biology [4,6,7]. Levin demonstrated that DC EF produced by ion Channels (especially for H+, K+ and Ca2+

roles have been proposed for endogenous currents (EF, ion currents and secondary distribution of small molecule in polarizing 
cells; patterning embryos during gastrulation, neurulation and organogenesis; directing transport of maternal components in 

2+ channels) [14]. However, in the case of K+ dependent 
signaling, Ca2+ +

depend on the particular transporter involved, indicating that the type of ion and perhaps its movement dynamics also act as 
signals [8,15].

Berenice Noriega-Lunaa, et al

frequency of 4Hz on the structure of osteoblasts (cell line MG-63), in early stages of cell growth and in short periods of exposure. 

F-actin and -tubulin and nuclear structure [18]. 

Petty: the coherence and cooperative interaction of receptors to receptors or channels to channels (the distance of individual 

   scisyhpoiB dna yrtsimehcoiB fo lanruoJ

membrane such as Ca, Na, ion bonding, signal transmission (neurotransmitters, hormones, enzymes), ion transport and activation 

communication of cells and tissues may break down [22,23].

Long-lasting interaction consequences of ELF EMF can be evaluated under three main headings as cancer cases, cardiac results 
and diabetes according to experimental and epidemiological studies [26-29]. 

with 0-300 frequency [30].

With ELF MF, immunity may deteriorate the impact on the functioning of immune system cells and tumor phenomena are 
claimed to become more frequent [24,25]. Other child cancers and mainly child leukemia, adult cancers, depression, suicide cases, 

Fields with Hz frequency exposed in everyday life have been demonstrated to increase brain tumors, leukemia and acute myeloid 
leukemia in men. Many epidemiological studies have demonstrated increased cancer incidence in residents living in the vicinity of 
high-tension lines or workers of these areas as well [31-35]. 

Savitz, et al
have observed high mortality due to arrhythmia and acute myocardial infarction in workers who were exposed to high magnetic 

are possible with long-term µT level exposure [36].

In wide prospective cohort studies, it is accepted that heart disease will be increase in the next few years with change of HRV is 
[38-41]. 
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Recent studies have focused on understanding the fundamental mechanisms of muscle contraction and how partial fatigue factors 
distort contraction functions. Fatigue in running a marathon and other durability activities could be related to musle glycogen 
consumption, low blood glucose or dehydration [47,48]. 

to its normal values when withdrawn [42]. Nevertheless, Type II Diabetes may occur with very long-lasting exposure. According 

carried out. 

interaction with another molecule. However, when these molecular structures are exposed to any external force long term as ELF 
EMF, their folding functions will be disrupted, cannot distribute the power falling on them and the molecule may lose its function 
in time. For example, muscle fatigue is known as increase in the time of Ca+2 transitions, Ca channels move slowly so relaxation 

is seen, basis of fatigue at macro structures as muscle is the molecular fatigue and if it continues for a long time, dysfunctions may 
occur. 

from molecular fatigue and the damage accumulation which occurs as a result of it.

molecular origin. It must be also taken into account that the mechanisms of damage under cyclic loading (fatigue conditions) may 

For this reason, the changes provoked by mechanical loading in the microstructure of materials (in particular, living tissues) need 
to be investigated.

even as a result of a small force. Endurance of the strained material decreases with repeated cyclical load applications. Fracture 
may occur even in stress values which are far below the tensile stress and shear stress, the reason behind this is molecular fatigue 
[43,44]. Fatigue is a phenomenon which occurs not under static loads but dynamic loads [43,44]. 

Molecular fatigue may emerge in anisotropic systems like bones and more complex systems in the human body such as cartilage, 
muscle much the same with isotropic bodies. Because biological system is a system which is exposed to constantly moving and 

system and enables molecular production in these tissues [45,46]. 

the live system with the emergence molecular fatigue damage accumulation in structures such as bones, muscles, cardiac muscles, 
receptors, ion channels [45,46].

Repetitive exposure to low density loadings for short periods causes low-level stress in the cortical bone and creates damage on 
microstructural level. However these repetitive motions in the bone tissure are of a potential stimulant nature in bone formation. 
Bone formation which occurs as in vivo may repair the damage which occurs in low-density loadings such as walking [45,46].

Cellular aspect of muscle fatigue is important. Factors which cause cellular muscle fatigue are considered as changes in stimulation 
contraction duality, ionic changes, distortions in cell metabolism, changes in cell ultrastructure. Out of these factors, stimulation 
contraction duality and changes in cell metabolism are most accentuated [47]. 

increase in the population of such diseases with growing environmental factors. Environmental ELF- EMF is one of these factors 
and these are available in many literatures given below.

In the increase of these diseases, by long-term exposure to ELF-EMF and functional deceleration and disorder by fatigue and 

cell membranes in general. Complex cell membranes detect and amplify poor electrical and chemical signals [54]. In order to make 
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by anyway and even can provide transformation to a cancer phenotype [55]. Goldman, et al
et al. 

showed that ELF EMF had made it by opening CA channels rather than increasing Ca mobilization from endoplasmic reticulum 

to EMF, causes the change and immunosuppression of T lymphocytes and other immune system factors. Changes in cellular Ca 

activity is associated with cancer [58].

and it is likely that cardiac diseases may occur by the formation of molecular fatigue in these molecular structures by long term 

fatigue. However, according to current literature information, it is very likely that these diseases are associated with the molecular 
fatigue induced by EMF.

Conclusion
We think that similar to metal fatigue which occurs in isotropic bodies with constant dynamic forces, long-lasting electromagnetic 

References

4. Zhao M, Pu J, Forrester JV, McCaig CD (2002) Membrane lipids, EGF receptors, and intracellular signals colocalize and are polarized in epithelial cells moving 

2. Cifra M, Fields JZ, Farhadi A (2011) Electromagnetic cellular interactions, Prog Biophys Mol Bio 105: 223-46.

6. Zhao M, Song B, Pu J, Wada T, Reid B, et al. (2006) Electrical signals control wound healing through phosphatidylinositol-3-OH kinase-gamma and PTEN. 
Nature 442: 457-60.
7. Adams DS, Masi A, Levin M. (2007) H+

regeneration. Development 134: 1323-35.

Bioessays 25: 759-66.

10-20.

in mammalian wounds. J Cell Sci 109: 199-207.
13. Adams DS, Masi A, Levin M. (2007) H+

tail regeneration. Development 134: 1323-35.

through a CREB family transcription factor-dependent mechanism. Proc Natl Acad Sci 97: 8617-22.

-

-
port. Biophys Chem 86: 203-20.

600-7.

647-54.

vitro studies. Teratology 42: 157-70.

 



 5       Journal of Biochemistry and Biophysics   

Annex Publishers | www.annexpublishers.com                    
 
                             Volume 1 | Issue 1

29. Pokorný J, Pokorný J, Kobilková J (2013) Integrative Biology Postulates on electromagnetic activity in biological systems and cancer. Integr Biol 5: 1439-46. 

31. Sermage-Faure C, Demoury C, Rudant J, Clavel J, Hemon D, et al. (2013) Childhood leukaemia close to high-voltage power lines--the Geocap study, 2002-2007. 
Br J Cancer 108: 1899-906.

Cancer Epidemiol 35: 534-9.

N Engl J Med 337: 1-7.

Am J Epidemiol 172: 752-61.

Epidemiol 50: 1258-9.

disease. Am J Epidemiol 158: 534-42.
38. Liao D, Cai JC, Rosamond WD, Heiss G, Barnes RW (1997) Cardiac autonomic function and incident coronary heart disease: A population-based case-cohort 
study. Am J Epidemiol 145: 696-706.

-
rophysiol 111: 1936-41.
40. Martin TE, Coman CA, Shellock FG, Fair R, Pulling CC, et al. (2004) Magnetic resonance imaging and pacemaker safety at 1.5-Tesla. J Am Coll Cardiol 43: 
1315-24.
41. Dekker JM, Schouten EG, Klootwijk P, Pool J, Swenne CA, et al. (1997) Heart rate variability from short electrocardiographic ecordings predicts mortality from 
all causes in middle-aged and elderly men. Am J Epidemiol 145: 699-908.
42. Havas M (2008) Dirty electricity elevates blood sugar among electrically sensitive diabetics and may explain brittle diabetes. Electromagn biol med 27: 135-46 .
43. Suresh S (1998) Fatigue of materials. 2nd ed, Cambridge press ISBN 0-521-57847-7.
44. Karenlampi PP, Pekka T, Pasi S (2003) Molecular fatigue in steamed wood. Int J Fatig 25: 489-97.

46. Martin RB (1991) Determinants of mechanical properties of bones. J Biomec 24: 79-88.
47. Fitts R (1996) Cellular, molecular, and metabolic basis of muscle fatigue. Handbook of physiology- section 12: 1151-83.
48. Miklo SZ, Steven BS, Carlos B, Henk L (2001) GranzierMechanical Fatigue in Repetitively Stretched Single Molecules of Titin. Biophys J 80: 852-63.

Phsiol 415: 433-58.

54. Miller EM (1999) Editorıal by Technical editor of EMC Test and Design 6.

Modulated RF Electromagnetic Fields and Related Health Risks ICNIRP 112.

channel. FEBS Lett 301: 53-9.

Epidemiol 50: 1258-9.
-



 
6

Annex Publishers | www.annexpublishers.com                    
 
                             Volume 1 | Issue 1  

   scisyhpoiB dna yrtsimehcoiB fo lanruoJ

Submit your next manuscript to Annex Publishers and 

                                    Submit your manuscript at
              http://www.annexpublishers.com/paper-submission.php


